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Abstract. The purpose of this study was to quantify and compare the endonuclear FD of the dog`s 
lymphoblasts, in normal and pathological tissue samples. 
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Introduction. Complex structures that are found in nature cannot always be 
characterized using the Euclidian geometry (Ţălu, 2012). A way to numerically quantify complex 
structures is by measuring their FD. The FD describes how an object occupies space and how it is 
related to the complexity of its structure, giving a numerical value for its degree of irregularity 
(Yasar  and Akgunlu, 2008). 
Aims and objectives. The purpose of this study was to quantify and compare the 
endonuclear FD of the dog`s lymphoblasts, in normal and pathological tissue samples. 
Materials and methods. Smears from both healthy and pathological lymph node tissue 
samples were performed. The tissue samples were obtained from healthy dogs, respectively dogs 
diagnosed with lymphoma (Table 1) at the Department of Pathology, Necropsy Diagnose and 
Forensic Medicine, Faculty of Veterinary Medicine, U.S.A.M.V. Cluj-Napoca, Romania. After the 
slides were stained using the hematoxylin-eosin staining protocol, high resolution images were 
taken with a digital camera attached to an optic microscope (oil immersion objective x100) (Tab 1).  
 
Tab 1. 
 
The number of the digital images taken for examination and the number of cropped nuclei analyzed 
 
    Normal lymph 
nodes 
Pathological lymph nodes 
Lymphoma Case 1 Lymphoma Case 2 
Number of digital images taken 38 15 16 
Number of cropped nuclei 100  100 100 
 
To assess the FD, randomly chosen, non-overlapping nuclei (Bedin et al., 2010) were 
cropped from the raw digital images (Table 1) and processed by the box-counting method which 
is an integrated part of the ImageJ™ (Wayne Rasband (HIH), U.S.A.) software. A brief 
exemplification of this process is shown in Fig. 1. 
The results were recorded and statistically analyzed using the M.S. Excel™ 
(Microsoft™, U.S.A.) and GraphPad InStat™ v3.05 (GraphPad™, U.S.A.). 
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Fig. 1 
Schematic representation of digital image processing path 
 
 
Results and Discussion. In Table 2 the descriptive statistics for the measurements 
obtained after the fractal analysis is presented. 
Tab 2. 
 
Descriptive statistics for the obtained data 
 
 Normal lymph 
nodes 
Pathological lymph nodes 
Lymphoma Case 1 Lymphoma Case 2 
No. of Obs. 100 100 100 
Mean 1.520 1.600 1.602 
Median 1.508 1.599 1.611 
Std. Dev. 0.08277 0.05254 0.07452 
Minimum 1.331 1.476 1.324 
Maximum 1.717 1.752 1.752 
 
Distinctive variations of the mean values of the obtained data were observed. In order to visualize 
better the resulted data 95% Confidence intervals were drawn (Table 3). 
 
Tab 3 
 
95% Confidence interval for the obtained data 
 
  From To 
Normal lymph nodes  1.503 1.536 
Lymphoma Case 1 1.590 1.611 
Lymphoma Case 2 1.588 1.617 
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The inferential statistics analysis of the data was represented by the Tukey-Kramer 
Multiple Comparisons Test. A p value less than 0.05 was considered significant. In Table 4 the 
inferential statistics results are detailed. 
Tab 4 
 
Tukey-Kramer Multiple Comparisons Test results 
 
 Mean difference q p value 
Normal lymph nodes vs. Lymphoma Case 1 -0.08058 11.334 *** p<0.001 
Normal lymph nodes vs. Lymphoma Case 2 -0.08290 11.660 *** p<0.001 
Lymphoma Case 1 vs. Lymphoma Case 2 -0.002318 0.3260 ns  p>0.05 
  
The Tukey-Kramer Multiple Comparisons Test showed that there is a very significant 
difference of the lymphoblasts endonuclear fractal dimensions, in case of lymphoma, compared 
with the normal lymphoblasts endonuclear fractal dimensions. When compared to each other, the 
lymphoblasts endonuclear fractal dimensions for the two lymphoma cases were insignificant 
different, this result being also outlined by the descriptive statistics.  
Conclusion. The statistical evaluation of the collected data, both descriptive and 
inferential, revealed that there is a significant difference between the endonuclear structure of 
normal and pathological lymphoblast, regarding the FD. 
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